Obstructive sleep apnea-hypopnea syndrome (OSAHS) is a common sleep disorder associated with a myriad of sequelae. OSAHS is effectively treated with continuous positive airway pressure (CPAP) therapy. However, fewer than 50% of patients are compliant with their CPAP therapy prescriptions. The current study sought to explore an integrated, biopsychological approach to CPAP adherence among experienced CPAP users. Methods: We performed a retrospective, cross-sectional analysis of a cohort of veterans with a diagnosis of OSAHS (n = 191) who were prescribed CPAP therapy and returned for adherence download at the Miami VA Sleep Clinic. The relationships between biomedical characteristics (e.g., CPAP pressure, selfreported sleepiness, and change in sleep efficiency) and psychological factors (e.g., self-efficacy beliefs and psychological diagnoses) and objectively measured CPAP use were examined to determine whether psychological factors moderated the relationships between biomedical characteristics and CPAP adherence. Results: Hierarchical regression analyses predicting CPAP adherence (adjusting for time since CPAP prescription, age, education, prescribed CPAP pressure, daytime sleepiness, changes in sleep efficiency with CPAP, and psychiatric conditions) revealed the following: (1) CPAP self-efficacy and CPAP pressure were positively related to adherence, and (2) CPAP self-efficacy moderates the relationship between CPAP pressure and CPAP adherence. Conclusions: There was no relationship between CPAP pressure and adherence in individuals with low self-efficacy beliefs. However, for individuals with high self-efficacy beliefs, there was a significant positive relationship between CPAP pressure and adherence. Self-efficacy beliefs appear to be a prime target for focused interventions aimed at improving CPAP adherence among those individuals with higher pressure prescriptions. Citation: Dzierzewski JM, Wallace DM, Wohlgemuth WK. Adherence to continuous positive airway pressure in existing users: self-efficacy enhances the association between continuous positive airway pressure and adherence.
I NTRO DUCTI O N
Obstructive sleep apnea-hypopnea syndrome (OSAHS) is a very common clinical condition. Population-based estimates suggest that approximately 20% of adults, or one in five, meet the criteria for at least mild OSAHS, based on an apnea-hypopnea index ≥ 5. 1 OSAHS can be effectively treated with continuous positive airway pressure (CPAP) therapy. 2, 3 However, adherence with treatment recommendations is relatively low. 4 We sought to examine previously described biomedical and psychological factors associated with CPAP adherence, as well as investigate whether psychological factors (i.e., self-efficacy beliefs) might modify the association of biomedical characteristics and CPAP adherence.
Identification of predictors of CPAP adherence is critically important given the many unwanted negative consequences of untreated OSAHS, such as deficits across multiple cognitive domains, 5,6 hypertension, 7, 8 type II diabetes, 7 stroke, 7, 9, 10 reductions in quality-of-life for both the individual with sleep apnea and his or her partner, 11, 12 increased rates of psychological disturbances, [13] [14] [15] and increased mortality risks and economic burden. 1 These negative consequences are striking
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Adherence to Continuous Positive Airway Pressure in Existing Users: Self-Efficacy Enhances the Association between Continuous Positive Airway Pressure and Adherence when viewed in context of the extremely high nonadherence rates associated with CPAP therapy. Approximately 50% of patients prescribed CPAP are completely noncompliant with therapy recommendation at 1 y. 4 In addition, 15% to 30% of patients with a new diagnosis of OSAHS reject CPAP treatment prior to ever receiving a CPAP machine. 16 In general, the pattern of CPAP adherence over time has been described such that the majority of CPAP dropouts occur early in treatment, with relatively fewer patients discontinuing use as time with CPAP increases. 16 
BRIEF SUMMARY
Current Knowledge/Study Rationale: Untreated sleep apnea is associated with many negative consequences. Although many studies have examined predictors of CPAP use, few have examined CPAP adherence employing an integrative model including biomedical and psychological domains. Study Impact: An integrative, biopsychological model revealed that self-efficacy beliefs modify the relationship between prescribed CPAP pressure and CPAP adherence. Efforts to promote CPAP adherence should consider self-efficacy beliefs as an important modifiable predictor.
Due to the significant negative consequences of OSAHS [13] [14] [15] and the problem of low rates of adherence with CPAP therapy, 4 interest has increased in identifying factors associated with adherence in OSAHS patients. Research regarding biomedical predictors of CPAP adherence is mixed. There have been reports of older individuals being more compliant 17 ; however, others have noted that younger age is associated with better CPAP adherence. 18 Similarly, daytime sleepiness is also an inconsistent predictor of CPAP adherence, with some reports of a significant association between sleepiness and CPAP adherence, 19 and other studies failing to find this relationship. 20, 21 CPAP pressure setting and OSAHS severity have demonstrated inconsistent relationships with CPAP adherence. [21] [22] [23] [24] [25] Positive change in polysomnography (PSG)-measured sleep efficiency from diagnostic study to titration study has been shown to be predictive of better CPAP adherence, 26 so too has higher levels of educational attainment. 27 Psychological predictors of CPAP adherence have demonstrated utility, with individuals who report insomnia symptoms demonstrating poorer adherence, 25, 28, 29 and anxiety and depression-related symptoms also being predictive of lower levels of CPAP adherence. 30, 31 Self-efficacy beliefs have been consistently related to CPAP adherence. 21, 23, 25, 29 The combination of both biomedical and psychological predictors appears to result in the best predictive power for explaining CPAP adherence. Psychological well-being, subjective health, and age are able to correctly classify just over 85% of patients with a new diagnosis of sleep apnea who became nonadherent to CPAP treatment within 1 mo of therapy initiation. 32 Authors have noted that the identification of modifiable predictors of CPAP adherence is a critical step in promoting better adherence. 23 Small sample sizes have precluded complex regression modeling, 23 such as moderation analysis, in many of the earlier investigations. In a comprehensive review of the literature examining CPAP adherence, it has been noted that there are currently "large gaps and inconsistencies in the psychological literature," and that "moderating and mediating relationships between psychological variables and constructs… have potential to explain additional important variance in CPAP adherence." 33 Recently, a comprehensive review on CPAP adherence promoted the use of a biopsychosocial integrative model to examine this complex behavior. 34 The current investigation used this approach to extend previous studies of CPAP adherence through investigation of factors that may be related to CPAP adherence in a sample of US veterans. Specifically, we sought to investigate the role of self-efficacy beliefs, a psychological factor, above and beyond the effects of previously investigated predictors of CPAP adherence (i.e., age, education, CPAP pressure, sleepiness, and the presence of psychological diagnoses). We hypothesized that higher self-efficacy beliefs would be associated with higher CPAP adherence. Additionally, we sought to investigate whether self-efficacy beliefs moderate the relationship between biomedical variables (i.e., CPAP pressure and subjective sleepiness) and CPAP adherence. We hypothesized that the relationships between CPAP pressure and subjective sleepiness and CPAP adherence would be different depending on an individual's level of self-efficacy.
M ETHO DS

Participants
Study participants were drawn from veterans attending the Sleep Clinic at the Miami VA Healthcare System over a 4-mo period. Inclusion criteria for the current analysis were: (1) a diagnosis of OSAHS, (2) receiving care from Sleep Clinic staff for OSAHS, (3) prescription of CPAP, and (4) completion of study-related questionnaires. Exclusion criteria included: (1) inability to communicate in English, (2) prescription of supplemental oxygen, or (3) prescription of either auto-positive airway pressure (PAP) and bilevel PAP for treatment of OSAHS. The decision to only include veterans prescribed CPAP in the current analysis was done to allow for the potential that adherence to CPAP therapy may systematically differ from adherence to auto-PAP and bilevel PAP. In total, 191 veterans prescribed CPAP for the treatment of their OSAHS provided complete data and are included in the current report.
Procedures
Veterans receiving care at the Miami VA Healthcare System Sleep Clinic who are prescribed CPAP therapy to manage their OSAHS engage in routine adherence visits. On average, veterans are scheduled for their first follow-up appointment 3 mo after receiving CPAP. Subsequently, follow-up clinic visits are scheduled yearly. In addition to these standard follow-up clinic visits, veterans were encouraged to return to the Sleep Clinic on an as-needed basis prior to their next appointment if they encountered difficulties with CPAP use. The current paper utilized data from a cohort of veterans who came to a Sleep Clinic visit for CPAP adherence follow-up between July 2011 and October 2011. During the data collection period, veterans may have been returning to clinic for an initial follow-up visit, annual follow-up visit, or walk-in follow-up visit. As such, both individuals with a recent diagnosis as well as those who were long-term CPAP users are included in the sample. During the clinic visits, veterans completed questionnaires pertaining to demographics, medical history, residual sleep symptoms, and self-efficacy beliefs. All questionnaires were administered during Sleep Clinic follow-up visits. If a patient had multiple clinic visits during the data collection period, we used data from the first clinic visit that fell within the data collection period. Clinical sleep information and other clinical data were obtained from an electronic medical record review. The Miami VA Healthcare System Institutional Review Board approved the protocol.
Self-Report Questionnaires
Demographic questionnaires assessed veterans' age on the day of Sleep Clinic visit, and highest education level attained (high school graduate or lower, some college, or graduate school or higher). Subjective daytime sleepiness was assessed with the Epworth Sleepiness Scale (ESS). 35 The ESS has eight items, each of which are rated on a 0-3 scale, with higher scores indicating a greater likelihood of falling asleep in different scenarios. The ESS has a range of possible scores from 0 to 24, with higher scores indicating more daytime sleepiness. ESS scores over 10 are representative of pathological sleepiness. The ESS has good internal consistency (Cronbach alpha 0.88-0.74). 35 Self-reported CPAP-related self-efficacy beliefs were assessed with the Self-efficacy Measure for Sleep Apnea (SEMSA). 36 The SEMSA is a 26-item questionnaire assessing CPAP adherence-related cognitions based on principles of social cognitive theory. The instrument is divided into three subcomponents: risk perception, outcome expectancies, and self-efficacy beliefs. The SEMSA operationalizes CPAP self-efficacy as an individual's confidence that they will be able to use CPAP treatment despite the presence of specific challenges. Items are rated from 1-4 on a Likert scale. Higher scores indicate greater levels of self-efficacy beliefs. Only the self-efficacy subscale of the SEMSA was utilized in the current investigation, as previous investigations have shown self-efficacy beliefs to be independent predictors of CPAP adherence.
Chart Review Data
The presence of psychological disorders (i.e., posttraumatic stress disorder, mood disorders) were ascertained by medical record review and later dichotomized as either (1) no psychological disorders, or (2) one or more psychological disorders.
PSG and OSAHS Diagnosis
Diagnostic and titration PSGs were performed at the Miami VA Healthcare System. EMBLA N7000 hardware and REM-LOGIC version 1.1 software were used for in-laboratory, attended PSGs. Embletta x100 portable recording units (Embla, Thorton, CO) were used for portable PSGs. All PSGs were conducted in accordance with standards established by the American Academy of Sports Medicine. If 40 or more obstructive respiratory events were observed in the first 2 h of recorded sleep, a split-night PSG was performed. The majority of individuals completed an in-laboratory split-night PSG (n = 115). Approximately 30% of the sample had an in-laboratory diagnostic PSG with subsequent manual titration PSG (n = 59). The smallest proportion of the sample underwent an unattended diagnostic portable PSG followed by a manual titration PSG (n = 17). Scoring was performed manually by a certified sleep technologist, using 30-sec epochs and standard scoring techniques. 37 PSG variables of interest that were recorded from medical record review included change in sleep efficiency from diagnostic study to titration study. This variable represents immediate, objective sleep improvement associated with CPAP use.
CPAP Treatment and Adherence
A sleep-certified respiratory technologists conducted a 30-min mask-fitting and equipment educational session at the time of CPAP distribution. During this 30-min session veterans were provided with written information regarding OSAHS (e.g., OSAHS as involving breathing disruptions during sleep), its consequences (e.g., daytime sleepiness), and CPAP troubleshooting strategies (e.g., daytime practice). CPAP units dispersed were Remstar M series with C-flex and heated humidifier (Philips-Respironics, Murrysville, PA). All CPAP devices contained software (Philips-Respironics Encore Pro 2) to measure and record CPAP use onto a secure digital memory card. All CPAP units were set to C-flex setting of 3 cm H 2 O. CPAP adherence information was downloaded directly from microchips, was operationalized to include all days since initial CPAP distribution, and included the following variables: prescribed CPAP pressure, time since CPAP distribution (recorded in days), % of days with ≥ 4 h of CPAP use, and average daily CPAP use.
Statistical Analyses
Data were analyzed with IBM SPSS 22 statistical software (IBM Corp., 2013). A five-block hierarchical regression was estimated to predict CPAP adherence in terms of: (1) % of days with use ≥ 4 h, and (2) average CPAP use across all days. In block 1, time since CPAP was prescribed (in days) was entered as a control variable. In block 2, demographic (i.e., age, education) information was entered. In block 3, biomedical information (i.e., CPAP pressure setting, ESS total score, and change in sleep efficiency from baseline to titration) was entered. In block 4, psychological variables (i.e., self-efficacy beliefs and presence of a psychological disorder) were entered in the model. In block 5, the self-efficacy by biomedical factors interactions (i.e., self-efficacy × CPAP pressure, self-efficacy × ESS total score, and self-efficacy × change in sleep efficiency) were entered. Prior to model estimation, all variables were grand-mean centered to control for potential multicollinearity. Following centering, the self-efficacy × change in sleep efficiency interaction was still significantly collinear with its main effects, and as such was not estimated. Models were evaluated based on indicators of model fit, while individual predictors were evaluated based on significance levels.
R ESU LT S
Sample Characteristics
A total of 191 patients with sleep apnea (mean age = 58.86 ± 10.96 y) provided complete demographic (age, education), clinical (biomedical and psychological), and outcome (CPAP 
Hierarchical Regression Predicting % of Days with ≥ 4 Hours CPAP Use
Model statistics (F-statistics for overall model fit and in ∆R 2 ) are presented in 
Hierarchical Regression Predicting Average CPAP Use
Model statistics (F-statistics for overall model fit and in ∆R 2 ) are presented in Table 2 . Again, each successive block in the hierarchical regression analysis predicting average CPAP use resulted in a significant improvement to overall model fit. The final model accounted for approximately 29% (adjusted R 2 ) of the total variance in average CPAP use. Age (β = 0.13, p < 0.05), self-efficacy (β = 0.40, p < 0.001), and self-efficacy × CPAP pressure (β = 0.17, p < 0.05) were significant independent predictors of average CPAP use in the final model. See Table 3 for a complete listing of standardized and unstandardized regression coefficients in the final model. To further explicate the moderation of the relationship between CPAP pressure and CPAP adherence by self-efficacy beliefs, we plotted the CPAP pressure-CPAP adherence . The greatest levels of CPAP adherence is demonstrated by patients who require a high level of CPAP pressure and also reported high levels of self-efficacy beliefs.
DISCUSSI ON
This study broadly aimed to investigate an integrative, biopsychological model of CPAP adherence in experienced CPAP users. 34 Our hypothesis that higher self-efficacy beliefs would be associated with higher CPAP adherence was confirmed. Among veterans prescribed CPAP to treat OSAHS, higher selfefficacy beliefs are associated with better adherence to treatment recommendations. Our hypotheses that the relationships between biomedical factors (i.e., CPAP pressure and subjective sleepiness) and CPAP adherence would be different depending on an individual's level of self-efficacy beliefs were partially confirmed. There was no relationship between CPAP pressure and adherence in individuals with low self-efficacy beliefs. However, for individuals with high self-efficacy beliefs, there was a significant positive relationship between CPAP pressure and adherence.
The current study clarifies some inconsistencies in the CPAP adherence literature. We found that older individuals had better CPAP adherence, when CPAP adherence was operationalized in terms of average CPAP use over all nights. This is consistent with previous reports, 17 but inconsistent with others. 18 Perhaps older adults are more conscientious of health behaviors given their increased likelihood of experience with multiple chronic health conditions. Consistent with the mixed literature regarding the association between daytime sleepiness and CPAP adherence, 19, 20 we observed only a trending association between self-report daytime sleepiness and CPAP adherence. Previous investigations have reported that there is no relationship between CPAP pressure and CPAP adherence, 22 or that pressure settings above 8 cm H 2 O are associated with worse CPAP adherence; however, in our sample of veterans with an average CPAP pressure setting of 9.5 cm H 2 O we found that higher pressure setting was associated with better CPAP adherence.
Our results are consistent with previous studies that found positive change in PSG-measured sleep efficiency from diagnostic study to titration study is predictive of better CPAP adherence, 26 and that higher levels of educational attainment are associated with better adherence. 27 We discovered that the presence of any psychological diagnosis was associated with a lower amount of nights during which an individual wore their CPAP for ≥ 4 h. Such a finding is consistent with previous reports that anxiety (and specifically posttraumatic stress disorder symptoms) and depression-related symptoms are predictive of lower levels of CPAP adherence. 30, 38 In-depth interviews with patients with OSAHS have revealed factors that facilitate CPAP therapy to be knowledge of consequences of sleep apnea, a strong desire to avoid symptoms, social consequences, positive attitude, and good relationship with health care providers, while barriers to effective CPAP therapy were summarized as practical problems, negative psychological effects, negative attitudes, and insufficient support. 39 of veterans. As such, it is unknown whether the findings can be generalized to nonconvenience samples or to persons who are not veterans. Third, the sample only included veterans who were CPAP users or those who had not yet completely abandoned the notion of CPAP use. This likely resulted in a sample that is biased toward higher CPAP adherence rates. As such, the results are likely more generalizable to long-term CPAP users and less so to newer, less experienced CPAP users. Fourth, the results may only apply to veterans prescribed CPAP, and not those prescribed auto-PAP and bilevel PAP. Fifth, there are likely other relevant variables related to CPAP adherence that were not included in the current analysis. This was done either because the data were not collected (e.g., detailed socioeconomic states, sleep duration, social support, precise timing of clinic visit), or to avoid model overestimation and spurious results due to power issues (e.g., racial group, disease severity, etc.).
There is mixed evidence regarding the association between disease severity and CPAP adherence, 21, 24, 34, 44, 45 and the apneahypopnea index and CPAP pressure are collinear variables. We chose to examine CPAP pressure, as opposed to OSAHS disease severity, for several important reasons. CPAP pressure setting is semimodifiable and can be adjusted if needed in attempts to improve adherence; however, OSAHS disease severity is fixed and cannot be manipulated. Additionally, there is mixed evidence regarding the relative contributions of both CPAP pressure and OSAHS disease severity to adherence, with some scholars 21, 36 describing the OSAHS disease severity-CPAP adherence connection as "relatively weak." Similarly, recent reports have noted racial/ethnic group differences in CPAP adherence. 29, 31, 46 Future investigations should examine the best predictors of CPAP adherence (i.e., CPAP pressure versus disease severity), and should examine race/ethnicity as potential modifying factors of any observed relationships.
In summary, the current study sheds light on factors associated with CPAP adherence using integrative biopsychological modeling. This is especially pertinent given the avoidable negative consequences associated with untreated OSAHS, and that the current sample was comprised entirely of veterans -who are at high risk of OSAHS and are a unique patient population. This study highlights the central nature of self-efficacy beliefs in CPAP adherence. Future work should continue to investigate self-efficacy beliefs and methods to intervene in self-efficacy beliefs-especially in patients prescribed CPAP with high pressure settings.
A BBRE V I ATI O NS
CPAP, continuous positive airway pressure OSAHS, obstructive sleep apnea-hypopnea syndrome PAP, positive airway pressure PSG, polysomnography SEMSA, Self-efficacy Measure for Sleep Apnea Our results add to the growing evidence that self-efficacy beliefs are an important consideration for CPAP adherence. 23, 29 Previous examinations have revealed that self-efficacy beliefs moderate the relationship between CPAP adherence and daily positive effect, such that patients with high self-efficacy beliefs showed a stronger relationship between CPAP adherence and next-day mood. 40 The combination of both biomedical and psychological predictors appear to result in the best predictive power for explaining CPAP adherence. We found that the relationship between CPAP pressure and CPAP adherence was modified by self-efficacy beliefs such that there was no relationship between CPAP pressure and adherence in individuals with low self-efficacy beliefs, but for individuals with high self-efficacy beliefs, there was a significant positive relationship between CPAP pressure and adherence.
Authors have noted that the identification of modifiable predictors of CPAP adherence is a critical step in promoting better adherence. 23 Reviews of the literature have reported that pressure settings above 8 cm H 2 O are associated with worse CPAP adherence. Our finding that veterans with high self-efficacy beliefs and high CPAP pressure settings (in the current investigation CPAP pressure settings over 10 cm H 2 O) are the most adherent to CPAP holds promise for interventions. This finding is quite consistent with the larger literature on self-efficacy beliefs and behavior change. Bandura 41 has noted that those with higher levels of self-efficacy both set and prefer more challenging goals. It is likely that for patients with OSAHS, as CPAP pressure increases, using the device becomes a more challenging task. In the face of an increasingly challenging task (i.e., increasing CPAP pressure), the relationship between CPAP pressure is strongest at the highest levels of self-efficacy. Our finding that the association between CPAP pressure and adherence depends on the level of self-efficacy are consistent with Bandura's observation. Although CPAP pressure settings commonly cannot be lowered for fear of loss of therapeutic effect, self-efficacy beliefs can be manipulated through targeted psychological interventions. 42, 43 Our results suggest that these interventions may be most promising and suitable for those individuals at high risk for nonadherence due to high CPAP pressure settings.
We were able to successfully explain 29% of the variance in CPAP adherence, which is consistent with previous investigations. 22, 23 However, we conducted more complex moderation analysis, which has typically been precluded by small sample sizes in previous studies. Some of the gaps and inconsistencies in the literature pertaining to CPAP adherence has been attributed to the potential "moderating and mediating relationships between psychological variables and constructs," 33 such as those encountered between CPAP pressure and self-efficacy beliefs. Additional investigations should continue to examine the potential moderation and mediation of biomedical predictors of CPAP adherence by psychosocial factors. 34 Such a practice has proven fruitful in previous investigations, 40 and may highlight avenues to strengthen future interventions based on social cognitive theory, 42, 43 or the newly proposed biopsychosocial model. 34 There are several limitations of the current investigation that need to be acknowledged. Foremost, the data analyzed are crosssectional. Therefore, no causal inferences can be drawn. Second, this study was comprised solely of a convenience sample
